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I^Ga :-xA 1 xN/iJ;. M^^^mi^Gei&UA IX^t 
:kBl^Ul^^m^ 1 X 1 0 - 'cm" lb 7 X 1 0 ''cm" 

[lfAf<iI4] SSS^MP^T- I n.Ga.A 1 i x-yN/l 

IS I nxGa.-A 1 i-x^yN/ltz, i^?4^S^)^N J; [3 
^^-^Vmjzm^ 1 X 1 0''cm~'t'^ 1x10 ''cni"-S T- 

[IfAfcXiS] mil n.GayA 1 : -x-yNS^fi£S-r 

[If^Xie] ftJlBl HxGayA 1 :-x-yN]i^^S-r 

X 1 0 ''cm-'t^^ 1 X 1 0 ''cm-'tX'COm&^mtzll-m 
^ULX. ^fi^Mf^T'I nxGa,Ali-x-,.Nii(0<x, 

m I nxGa^A 1 i -x-.N Jf LT P N^g-^^ffM 

X 1 0 ''cm''t^^ 1 X 1 O^'cm-'tXCOm^mmTzll-m 
P^T* I n.GayA 1 i-x-.N/K 0 ^x,y^ 1 )&0cft^-t^ 
1^ I n.Ga,A 1 i -x-.N/i$:fiJffl P N^g^$:ff$J5£ 

X 1 0 ^ 'cm-^^^^ 1 X 1 0 ''cm-'txcomj^mmtzifm 

:^I^Sf^T- I n.G a.vA 1 -.-.-.NK 0 ^x,y^ 1 )^,5Jc 
1^ I n.Ga,A 1 : ^ x ^.N.l &^yffl LTPN^g^^ff^Sc 
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mm±cD^iim^m ^^mit. Ga^-xAi.NKo 

^x^ 1 )Xi± I nxGa,A 1 i^x-yNK 0 gx,yg 1 
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[«£*©««] GaN (^fb:^"'; e^A) i±I I IKTri^T- 
g)^:^-'J ^ A^I>'V®^^^T*$)^^^:6^^«^jc^n'i){b 

M^l'X^m9\^^^mT-X$>-oX. MiM^X3,3 9eV 

^j^o:)mu^mRu 3 6 6 nmmmoDt:-^^&m^^t 
^^^^ytm^^mmx^ ^ z ttmm^tixi^^o 

[ 0 0 0 3 ] Lti^L^ ^^y^ :t—h'J5LV'^mitly'-V'^ 

^^t^^t^^pmrn^B^mmt^zt^tmrnx^'Drzo 
20 iMLXi±mmitt-^ji^itrrzi)K vtMoDJirnxGeiN^m 

mtio''cm~'i^A±tm^xM<tji^t-i^x&^o zmt 
^"p^m. ^^izmmmit^h'±~tLxm<rz^t.n^ 

[ 0 0 0 4] ^Tz. Pn^^B^m^fz^lZ^ MsmcOT 
^^y^-^mm^ K-b->y LTG a :-xA l.N( 0 

^x^i)m^m^i.x^. Mgt^^^f^^it^titztmm 

30 mt^mx.^ri^o ^tjit^i^. Ga:^.A l.N(0 ^x^ 

im^B^m^i-^mAz. vm7cmx$)^mm(V'^iit^ 
ihm^com(Drzmz^ Y—\^>v^iirzT^-^y^—^ 

^^m^G&RXfAKDif^^iiLmiZX^mit^Ki. ^(DTz 
[ 0 0 0 5 ] 
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[0 0 10] ttzs ^^^mih^^^mtcomMyj^ 

It. f^m^m^r- I nxGa,.A 1 :-x.,.N/i( 0 ^x,y^ 
1 )^ScS^-i^^^(', IS I n.GayAl .^.-yN/iii. 
)1^4^g^Nct ^) *fe::^#V^V^5t:^^ 1x10 ^^cm- = ;^p 

e= 1 X 1 o''cm-'^X'(Dm&mmrz{'fmmi'^j:mi^ 
[0 0 11] mtio^^'rn(Dit^^^^i^it^mmt^m 

[0 0 12] Stc. ^^H^Ofb'&^4^aSf*^7fe^^(^^ 

m.-^mt. n^^ii^b^N J: ^^^^^y^Tzm^ i x i 

0 ^'cm-^^^ 1 X 1 0 ^'ci^-'t.xcD'^m.m.mtzi'fmmL 

X. ^m.^m.^X I nxGa>.A 1 i^x-yNji( 0 ^x,y^ 

1 )$:J5K:^^ii-^x|ih. IS I nxGa.A 1 i-x-yNHSr 
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^mmz K-l:*>yi-^x?i^'^t% 
[0 0 15] 

Wm] ±!2©J:^i:. G a :-x A 1 xNg( 0 ^x^ 1 ) 
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10 As, sh^mmt^t. ^^-r^^^Bizjim^imt^-^ 
t^.xm) (D^pr^^^m^Bi^o^^mjiit-^m^^^m^m^ 

[0 0 16] ttz. ±i3cZ)Xfi^c4oV^T. ^^izr^^ 
Bi^rj^pm^^Btm^ti^o 

[0 0 17] ZO:)XoiZl.xm^tltz^^Bt-^tj:^FN 

20 m^it. mM.m&v'^^^^^t^BiPfxi)^. ^©pn 
m-^^mmtm^. m^t^^m&izt^ii-x(D^^^'-f :^ 
(LED) :st>'^i?f*i^-+f (LD) ^(D^^m^t^m 
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[^56^0] [^M^Jl] Gai-xA lxNli( 0 ^x^ 1 ) 

^^m^m^-^^Tzmz^ MocvD (^m^m^mf^ 

^m^&.mL. G ei(Dtini^'7.tl.XTMG (h 

[0 0 19] S^c. Ga,-.Al.Nmizmu^h^^m 
tLX. GaRV'Al X^ ^m'¥-^^^(DXBl^um^ 
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[ 0 0 2 2 ] MOCVD|glP^T-GaAsStS±ilTM ^ 
G, TMASl>'NH3^ffi^L. fs]B#(: T M I 

I n(DMJ^^mt^ 1 X 1 0 -'cm- = *^^ 1 x 1 0 '**cin 
^HZf^^G&,-.Al.Nm (x^0.50) ^^MLtzc 

[ 0 0 2 3 ] mm. m^tirz^^B^(Ds^m'^mm 

11. I niiSi}S 1 X 1 0 ^'cm- = ^)^e) 1 x 1 0''cm~'tX' 
1 X 1 0 '-cin--©h §ilgSa^iiSii 1 X 1 0 - ' 

1 0 0 0^3^© ii:xrizmp btzz t^MMLn^ ^ . t 

0.50) (:OigB^i)Sff h§7f^bTV^^o 
[ 0 0 2 4] fl]«©^{^T* G a NmRUA 1 NJl 

$^#fc^C5^ ^n^ixgSS^coSSi)^ X 1 0 ^'cm 
3 X 1 0' 'cm-' tr'i&mr'^tzo Vt-oX. ±r(D 

ffl^itC 0 ^xg 1 )(7:)Gai-xA lxN^[I-::^C^T. I n 

O^muiZ^^mMt^&^ti^^^o 20 
[ 0 0 2 5] ^^C, NS^5ea^BS:^;ig-r^^^^'oc^Tift 

[ 0 0 2 6 ] ±i3h[5]«^D^ffT I n$:^^inb7^^:^)^ioG 
a i^>A lxN/g§:fiE:g^i^^^t-, Yi--^mmtLr 
SiR^:^^7.^^ S i ©iiSAU xlO^ Vm-^^lS^T^c^'?) 
K — t::*>^L7c^35^ 2 0 0 0 cm VV • S^?:)^ 

[ 0 0 2 7 ] mz. Fmf^m (Fm&mm^^B) ^mm. so 
-r^m-^iz^i^xmBMt^o 

[ 0 0 2 8 ] M0CVD^aF^-eGaAsa^^±(3TM 

0 ''cm-'t'C, 1 X 1 O'^cm^'iZtji^ ^olzTM I ^t^i^ 

[ 0 0 2 9 ] m2iz^ m^ntzPmm^B^cDfs^itLrc^ 



^tDt'^Xolz. I niiJS^s 1 X 1 0 ''cm-'t'i^7 x l 
0 ^ ^ cm- = ^ T' c7) s T* fb b r ^ -t: :7- ^ - its ;6s±t 
^JDLTl^^o^LT^ I niiSA^ 1 x 1 0 ' *cm- 'CDBft: 
rS-Kit LTc/'^'trT'^-iiSiiS x 1 0 '''cm-'tm±m 
^^^Ltzo CCOI naS5Wt'^GaNli^Z)^£^Ai?ii5 
Qm. ^KS(i8 OcmVV • ST-fe fsl^ico^f^T- I n 

^ ?siio -y- r £i f# e n t *2 b1 ti it-^ T A*i m^iAitt^n 

MX-Stzo 

[0 0 3 0 ] cniill^^^ScD^^lMIIKTtScO I n 

[ 0 0 3 1 ] ^/r. T^^-trr^-^^fgi^^LTZnU^I. 
©^f4^T- G a N Ji 525 ^ -t^ :t ^ ^ 5 fSffijAcD P ^*gB^ 

tm^tiTzo 

[ 0 0 3 2 ] t,rzs A lNliSt>*Gai-xA IxNg (x 

=0.50) ^m^cD^i^r-mm^-^Tzm^ij. r^^r^ 

Htzo tSoT. ^TcDfflfigltCOgx^ 1 )C7:)Ga:-xAl 
[ 0 0 3 3 ] [IIJE^J2] *|IMl^J2T'(i;. Gai-xA 

i.^mio^x^D^mmm^'^^tzmz. momb 

E (^«^S^^f^:iit:^^>— ?£) ^aSrffi^L. G 
aCD^^3(^4::^^;^^ LTTMG^. A 1 ^ LT T 

MAS:. N(DW5fE4hUTNH3Xf±N,$:{gffiU;to 
[ 0 0 3 4 ] ttz. Gai-xA lxN^l::^AD^ni)5^^ 

~rtZm2lzvmn:m(D±t:^^^^S^fr^-r^ *:^SS1^J2 
X'it.. m2lZ7rsbtzVm7x:m(Di^^^^^^^i,tlz 
p. As. RTfSh^mtKL. Uni:S7.tLX. ^fl^ 
txPHa, AsHs. 3.nSh^^mLfz. 
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-'t^fb I X I 0''cm-'iltj:^^-^iZ^ PH3. AsHs. 

[ 0 0 3 8 ] m3i::w^rirz^^B^(D^^m'?-mmt. 

p. A sS^'S bSJ^^co^t^^Tj^to [^3*^ep^?5^^ 
7^c^i:-5tl. p. A sSt>'S bitSi>^ 1 X 1 0 ^'cni- = i)^?= 
1 X 1 Cciii- = ST-tZ)KlST% gSm^itjSA^«^i>LT 
l^^o -^LT^ P6D±i'&iiitS:i)^4 X 1 Ccm- = c7)^ ^ 

1 X 1 0 ^'cm-H:^±T' 

t&?^Rl<Z)'J>^V>^ff:^^Ga:-xA IxN 
H (x = 0.30) (D^^W^ibtitzZt^fr^LX^-^^o 
[0 0 3 9 ] [5]^©^(4^T*GaNli:Sl>'AlN/iSfiJc5 
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[ 0 0 4 1 ] ±l3i:f5]«cD^f^T-N^D^Il-?4^gt:0^ 

2 0 0 OcmVV • SC0^i!jS«:^t-^NS^)ga^:i)S 
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[0 0 4 3] MOMBE^grtT:GaAsStS±iC. T 
MG. TMA;S:t>^NH3&{ft^igtTGa:-xA IxNH (x 
= 0.30) fi]B§lCCC0Ga:-xA lxNS*CD 

P. A s3liiS bcZ^SS^^H*^ 1 X 1 0 ^'cm- = ^^i^ 1 X 
1 O'^cm-'lztji^^diZ. PH3. ASH3. ^(iSbS 

[ 0 0 4 4 ] [14il. m^ntzm^E^'^i-^^itltzT^ 
— ^ P s As ZJ^ S b ''j 

to m4t'iht)t^^^ xdiz. P. Assr>'Sbii;^;i}5 1 

X 1 0 ''cm-'^t^ib 1 X 1 0''cm-'tX'(7:)mmr\ ^^t4fb 
^it^J^t}^ 1 X 1 0 ''cm-"^D&#llr£tl(bL;^r ^-ty^ 

-mmt^i. 1 X 1 0 '-'cm-' tmt.m^Tf^Lrzo ^(df 

^tS$:W1-^Ga:-xA lxNli6DSJr[?^ii5 Qm. ^fti? 
{ttiS OcmVV • ST-^ f5]Sc7)^{^T- N J; ^ I^^if^ 50 
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[ 0 0 4 5 ] 'tliiN J: K> V^^t:^ 

[ 0 0 4 6 ] ^tz. T^^r^-^m.mtLrznvj.^^^ 

T-Ga :-xA lxN^$:g£S^ii-Ac^'&^. P. AsXii 



[ 0 0 4 7 ] ^fz. AiNm&vGQ.Nm^mmo^^i^ 
X'^m^^^^tzm^i^. r^'zy^-^mm. ikuF. a 

s 3^{i S b c7)^;bn o r UMf^ P S^^ga^B^iJMf ^ nfc o 
gfoT. ^TCOms£]±(0 ^x^ 1 )®Gai-xA IxNS 
iIov^T. Net D sbi^?4^S^7):^#l^Vg^^^©^^;^JDir 

[0 0 4 8] Sfe. I rixGayA 1 i-x-yNK 0 ^x,y 

f5]«®^{4^T'J5K:^^-ti-Ac^^^. Gai-xAlxN/i 
( 0 ^x^ 1 )©^-&J; ^} ^ ^ 1^ tca^^c^iSigs^B^^ff^iT 
;^co -rT'c^t)^). *I^SE^J 2 tii.it ^Ig^ii. Gai-xA 
lxN^( 0 ^x^ 1 )^ I HxGayA 1 i-x-yNli( 0 ^x, 

y^\)\zw%^^^z}i\zxy). ^i^tiat#^n^^® 

[ 0 0 4 9 ] Ja±a)^SEl^!J K 2T*(iM0 C VDISgX 
(iM0MBE^g^^iJffll.fc:6^ MBE (^?^aiti'^ 
^v'-iS) ^M^(^ftk®^®r-^ J:i^o Ga. AYJkVf- 
NCD^?**. GaSt>'Al J:)9t)J^^^^?C0:^§VMIIg^ 

tgtIOV^T^J. GaAsStSi:i^1vtiS i. InP, Ga 
P ^® ffe® 4^aSf^;a^M;5^I>'t^ :7 T ^ ^Sl^ ^ V ^ T ^ 
m ;b 5 fe ^ C h { i m -5 i T- *j 7"cC I > o 
[ 0 0 5 0 ] [^5Ei^y3] llffiO^'J2 tictoTff ?)ti^ib 

^n^-^m.'&x.fz. ^xy\z^(T^'^m5'&.-^mm't^o 

[0 0 5 1 ] ^-fs MOMBE^grtT'NSlGaAsa 
tS3 0 1 ^^S6 0 O'CiT'^JD^b. TMG. N^. 
S i H.SU^'P H3$:(tt*&LT. NSG a N;0^?) ^ ^7 
7Tl 3 0 2 ^^COI?^;6^0. 2 xzm^:^^5^^ iZ52:i 

^-t^^o rM'^^ 2\^2W:X^(D'^-Ws% 

m\zx^m^^xhx.v^. 

[ 0 0 5 2 ] mz. II15(a)(l7f^-rctoiI. TMG. 
N,. Si H,Sc>'PH3$r(«rn ufc^ ^T-^^MTMA 
(T^^^^mA^X.. NS^Ga:^>:A IxNl (x = 0.30) ^ 

3 0 3 ^rff^ScT^o 
[ 0 0 5 3 ]*i3. TMG. N,.^^P H3$:^*&LfcS 
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tX\ TMARTfS i}i,COii^.'^i:i^±L. GaNJf?: 

3 0 4 ^mmt^u 'T-|^fSt4S 3 0 4li. m^lZT 
MA$:(±t^LTf#i^n^ Ga:-xA 1 ,NlT*feoT 
SiH.. D E Z n^CO h'-y^> K ^{it^LTff 
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[ 0 0 5 5 ] ^ 5(b) £-7^1- J: -5^1. TMG. 

N,. PH,.St^'DE Z n^tit^L;^c^^T-TMA(Otit^ 
^^ihLT. PS^GaN/f^^cO/S^^b^O. S/imh^'c^ 
^<i:^tlJEi£:ft^-y-T. PM=f>^^^ h/iS 0 6 $:f^J55c1" 

[ 0 0 5 6 ]^V^T. P^miS3 1 0^r>'N5^S*5l3 1 

[ 0 0 5 7] :^mmmr'it. ±mmmmco^^mt\^-'V' 

[ 0 0 5 8 ] Sfe. Gai-xA lxNg(5:)ffl5eitx$:ig:t 

ijX^^o ttz. Ga i^xA lxN^©£S:^&$[Ifs]&#t- I n 
f7:)«'*4:t|-^^tit^LT. I nxGa,A 1 :-.-,N!l( 0 ^ 30 

[0 0 5 9 ] ^fbiis y VmS 0 SRV'S 0 5(DG 
a i-xA IxNUXii I HxG a,-A 1 : -x-y N/fcT^fflsJclt 
T- fe ^ X X {i/S^' y (i^li 7j [S] r& -3 T ^{b L T I ^ T 
^J:<. SCH«ig-^GD I N-SCH^ii^pItgT-S 

ttz. r^^ms 0 Aii'Duxijm^n^mmRn^ 

[ 0 0 6 0 ] *^JEi^fj60^3I^i£i3<:fc ^}^ii^n;^::^iS 
0 nmftiST-feo^i. Tthti:^;!^ 3 mWT- fe o ;1 7!)^ 40 
[ 0 0 6 1 ] l^M(r.Wim/j>^.X\ m'^mS 0 4^j: 
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[ 0 0 6 3 ] ttz. mzmmM2RummMbtmcoit 

x^^Nmm^B^m^ztt'x^^o 
[ 0 0 6 4] t^Tz. mzmmM3&mnmm6im(Dit 

x^^pmf^^B^m^^tt^x^^o 
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^^m^^t^^mjiit-^^^mi^^^m^^nmx ^ 
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mi] Gai-xA lxN/i(x = 0.50)4^® I nSShg 

[m2] T^-^zy^-^mm^mi^uLtzG aNm^coi 
nmj^tf^^itLrzr^^y^-mmto:)mm^fr--tv 

[[23] I rixGa^A 1 i-x-yNJi(x = 0.30)^'(Z)P. A 
s S b jg i: S Efe S ^ ^ ;^ c7^ II ^ ^ -r ^ :7 „ 

[1114] r^^y^-^-mm'^m^\.fzin^QQ.,K\ 

i-x-yN®(x = 0.30)cFi(7^P. A s^t>'S bSShrgttfb 
L r ^ ^ r ^ -SS h (7) II ^nI" <7 ^ 7 o 

[[15] ^mm^^^\z^-:^-nm^^f\.h\\:.^m^m'\% 

3 0 1 G a A s St^ 

3 0 2 / ^' :7 T ^ 

3 0 3 ^"y -jYm 

3 0 4 rSti/i 

3 0 5 ^"y ^YM 
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